1. An epidemiological study was conducted in the market town of March, Cambridgeshire, to assess the quantitative importance of cooking and table salt to total dietary salt intake by the use of a fused mixture of lithium carbonate and sodium chloride.
Introduction
Hypertension is a major public health problem in western societies and increases the risk of both ill health and coronary heart disease [l, 21. Countries such as the U.S.A. [3] , Canada, Australia, New Zealand, Belgium [4] and Finland [5] have had a dramatic decline in mortality from coronary heart disease, an experience which has not been observed in Great Britain [6] , and there is some evidence that the prevalence of hypertension may have fallen in some of these countries. Attempts to reduce the burden of ill health caused by hypertension through primary prevention are therefore a high priority. One of the suggested but still controversial preventive measures for reducing the incidence of hypertension is to reduce the intake of salt, an approach which has been backed by several national'and international bodies [7-91. If the general population is to achieve a reduction in its average sodium intake then it is necessary to know both the total amount of salt ingested by the public and also the sources of salt which contribute most to the total intake. We therefore assessed the salt intake in a community and measured the proportion derived from 'discretionary sources' by using the lithium-marker technique which we have previously validated [lo]. Both cooking and table salt sources were tagged to simplify an assessment of discretionary salt use in a single short study.
Subjects and methods
The epidemiological study was conducted in the small market town of March in Cambridgeshire. One of the two Health Centres in the town, Mercheford House, provides medical care for 3000 people and this population was selected for the study. A random sample of 245 individuals was taken from the practice's age/sex register which contained 454 men and women between the ages of 20 and 65 years. In this age group the practice has nearly twice as many women as men. Once the potential volunteers had been selected some were immediately excluded from further consideration for reasons relating to the use of lithium. Those excluded included all households with pregnant women and women intending pregnancy, patients with chronic renal failure and households with children under 5 years of age.
A preliminary letter was sent to the selected individuals inviting them and their spouses to attend an introductory meeting. The spouses of index cases increased the potential sample size to 425 individuals, other relatives in the household being excluded from the sampling frame. Of the 425 individuals, 93 refused to participate and 108 attended a further detailed explanatory session where the rigorous demands of the study were set out before they were asked to participate. Approximately 13% then refused and of those agreeing to proceed 54 index cases and 29 spouses were accepted to take part in the study. The socio-economic status of the volunteers showed a similar range to that found in the general population with no evident bias towards the more affluent members of the practice.
The study required 12 consecutive 24 h collections of urine and consisted of three phases. During phase 1 a 2 day baseline collection period was needed to assess the normal lithium output in the urine of the selected adults. A 7 day phase followed when both cooking and table salt in the households were replaced by lithium-tagged salt and 24 h urine collections were continued. Finally, in phase 3 there was a 3 day collection period for monitoring the continuing output of lithium when the household reverted to untagged salt. Individual households had their household salt completely replaced for the whole 12 days of the study. Thus in the first and last periods salt without lithium was provided. Each household was supplied with a set of three individual salt cellars and one cooking salt container. Each participant had his/her personal salt cellar; the third salt cellar, with a distinctive label but containing salt comparable with that in the study, was left in each household for the use of individuals who were not participating in the study. Individuals knew that they would receive lithium with the salt, but they did not know when it was going to be incorporated into the scheme.
A food diary was kept by each household to ensure that any cooking salt used during this study was not going into long-term frozen products for later consumption. Any food cooked before the beginning of the study was also excluded and not consumed. In this way the lithium used for cooking was used for products being consumed during the period under investigation.
The working team consisted of an administrative assistant, a technical assistant, four graduate nurses, the general practitioner (S.W.) and a research worker (C.P.S.-C.).
Protocols were given to the nurses in book form with appropriate instructions for each day of the study. The day before the study began the nurses visited the participants at home, delivered questionnaires, apparatus for urine collections and salt, and explained the detailed requirements.
To simplify the complete collection of 24 h urines throughout the study all participants were provided with a special case for transporting bottles and recording books. Urine was collected into polypropylene bottles containing 50 ml of nitric acid (1 mol/l) as preservative. Participants were visited daily by a member of the team so their urine bottles could be replaced and salt cellars changed at appropriate intervals. Urine volumes were measured at the Health Centre and duplicate aliquots of the urine were taken into plastic universal containers for later analysis.
Metho& and calculations
Urinary lithium was measured as previously described [ l l ] with an atomic emission spectrometer. Urinary chloride was measured by the femc ammonium sulphate/mercuric thiocyanate technique [12] , and sodium, potassium and creatinine by autoanalyser.
Because of the possible intake of sodium bicarbonate, sodium monoglutamate and sodium caseinate in foods it was decided to calculate sodium chloride intakes from the urinary output of chloride, the assumptions being that non-sodium forms of dietary chloride were negligible and that the proportion of dietary chloride excreted in the urine could be used to calculate salt intake. This second assumption was found to be true in our earlier metabolic study [lo]. Sodium excretion in excess of chloride output was then taken to signify nonsodium chloride sources.
The study was conducted during the months of May and June 1983 when the mean maximum ambient temperature was 19.9"C. From this it can be calculated that salt use was underestimated by 3% when no allowance was made for sweat, faecal or other losses of salt [lo].
The normal urinary output of lithium of the subjects was calculated from the first 2 days' urine results. Lithium output in excess of this baseline figure was used to calculate the total amount of salt derived from cooking and table salt since the lithium/sodium ratio of the fused material was also measured. The total amount of dietary lithium excretion to be excreted after day 12 was estimated by plotting the exponential decline of each individual's excess urinary lithium excretion on days 8-12 inclusive and extrapolating the line. This approach has been previously tested in the metabolic study and found to underestimate the total amount of lithium excreted by less than 1% [lo].
The value of total Giscretionary salt use was then partitioned into table and cooking use by assuming that all the weight of salt lost from an individual's salt cellar had been consumed by the individual. Thus cooking salt consumption was calculated from the difference between the lithium-derived figure for total discretionary salt consumption and .the value for table salt use. Salt use for cooking was expressed per person by dividing the total weight loss of the cooking salt containers by the number of individuals in each household. This allowed an estimate to be made of cooking salt losses in the cooking water for each household by comparing the theoretical amount available to each participant with their estimated consumption.
Results
Very few young males agreed to participate in the study but the weight and height of the subjects ( Table 1) conformed with the recent report on the weights and heights of the British population [13] .
The completeness of the urine collections was assessed by analysing their creatinine content. The mean coefficient of variation of 24 h creatinine output for each individual was assessed. The median coefficient of variation was 9% with a range from 3 to 25%. Only four individuals had a coefficient of variation of more than 16%. Those urine collections which contained less than 2 SD below the mean output for the individual were arbitrarily classified as incomplete. Although incomplete collections were excluded from the calculations of sodium and chloride excretion rates, a correction factor was obtained for the 21 urine specimens designated as incomplete when estimates were being calculated for the total lithium output. For these specimens the lithium/creatinine ratio was multiplied by the individual's average daily creatinine output over the complete collection period; an estimate of the amount of lithium excreted on that day was thereby obtained.
A highly significant difference between men and women was seen in urinary electrolytes ( Table 2 ). h men the urinary sodium was 30% greater and urinary potassium was 20% greater than in women. This difference between the sexes persisted when urinary sodium was recalculated in terms of either body weight or the individual's estimated fat-free mass. Fig. 1 shows the distribution of daily salt intake estimated from the chloride output during the complete 12 day collection period. The men had both a higher average and a greater range of intake than the women. These differences could, of course, relate either to the variation in the type of food eaten or to the amount of discretionary salt used.
Sources of salt
The proportions of salt coming from discretionary and non-discretionary sources are shown in Table 3 . A clear sex difference exists with men For 14 subjects the estimated cooking salt intake was zero or even slightly negative, but in nine of these individuals the total household use of cooking labelled salt was only 3-37 pmollday, so that any losses of tagged table salt would readily account for the failure to identlfy a cooking salt component. The amount of cooking salt eaten was very substantially less than that predicted from the weight of salt used in the kitchen. When the salt use is divided by the number of people in the household then only a median of 24% (range 2-71%) of the salt used in cooking was actually eaten.
The total amount of discretionary salt use was small so the main source of salt intake in men and women came from the salt content of purchased food. The sodium content of tap water amounted to 0.16 f O.O2,mmol/l in nine samples taken from two households and lithium was undetectable so this source did not contribute appreciably. Non-chloride sodium sources such as sodium monoglutamate and sodium bicarbonate accounted for only 3.2% of total sodium intake providing, of course, one assumes that there were no other sources of chloride in the diet.
Behavioural aspects of salt use
The relationship between cooking salt use and the salt content of the purchased food was assessed but no significant correlation was found. This suggests that where a housewife used liberal quantities of cooking salt this was not matched by the purchasing of foods with a high salt content. Similarly, no relationship was found between table Fig. 2 displays the range of salt use by the Table 4 sets out the data for those husbands and men and the relative amounts of each source. This wives who took part in the study. Most of the emphasized the small amounts derived from variables of salt use were positively correlated sources other than purchased food.
between husbands and wives. This suggests that social rather than genetic factors determined salt use. Given the common source it is not surprising that the cooking salt intake of husbands and wives was highly correlated ( r = 0.82). There was little evidence of separate menus or selective eating patterns affecting salt intake in these households. The intake of the husbands was, in absolute terms, higher than that of the wives, this difference persisting when intakes were expressed on a body weight basis. Some of the 30% excess intake of the husbands was accounted for by their eating twice as much table salt as the wives for reasons which are u n c 1 ear .
Salt intake and body weight
Because of the dominance of food as a source of salt intake the relationship between the weight ( W ) in kg of an individual and the amount of salt eaten (S) in g was investigated. A significant relationship between these two variables was found in both men (PcO.05) and women (P<O.OOl). This is shown in Fig. 3 . The regression equations were S=O.101 W+2.4 (residual s~k 2 . 9 4 ) for men and S= 0.102 W+ 0.8 (residual S D~ 1.62) for women.
Since the regression coefficients did not differ significantly a combined coefficient was calculated with separate intercepts, namely for men S=O.lOW+2.4 and for women S=O.lOW+O.8.
The difference between men and women in their intake once an adjustment had been made for body weight was therefore 1.6 f 0.58 g per day, the difference being statistically significant ( P < 0.01).
Discussion
This study has estimated the sources of dietary salt by a completely new approach and the question arises as to whether the small discretionary use of salt which was observed reflected behavioural changes because the participants knew that at some stage they would be provided with lithium-tagged salt. The deliberate or unconscious rejection of discretionary salt use during the whole study or specifically during phase 2 when the tagged salt was in use would then affect the validity of the study. The first possibility seems unlikely since the average sodium excretion of the group was slightly higher than that of another group from the same village who had been studied 2 years earlier but who had not been involved in a study of salt use. The calculated use of both cooking and respectively. It was, however, observed that the pouring quality of the tagged salt was less than normal despite the addition of a hygroscopic agent; this feature had been noted in preliminary studies and extra magnesium carbonate had been added in an attempt to overcome this problem. This explanation is strengthened by the finding that the decrease in table salt use (34% for men and 37% for women) from small-pore salt cellars was greater than from the larger pore containers used for cooking salt (11.6%). Recently Greenfield et al. [14] have reported that a small pore-size will limit even the use of normal table salt by about 25%. The effect of the physical characteristics of the salt therefore proved more important than anticipated and could therefore underestimate the usual amount of discretionary salt eaten by the group. In order to check the validity of the conclusions it was decided to recalculate each individual's intake during the tagged phase (period 2), making individual allowances for the poor pouring quality of the salt by assuming that the table salt use would have been equivalent to the average of that during periods 1 and 3, i.e. the untagged periods. In addition, a similar allowance was made for any decrease in the household use of tagged salt; the fraction of the household's salt eaten by the individual determined during the lithium period was then assessed to apply to periods 1 and 2. In this way it was possible to obtain a value biased to provide a maximum figure for discretionary salt use.
The results are shown in Table 3 where it is apparent that men still obtain 85% and women 83% of their salt from purchased food. As a check on the validity of these calculations the expected urinary sodium and chloride excreted during the tagged period was compared with the average in periods 1 and 3. The Table shows that the somewhat complex series of calculations brings the electrolyte excretion close to that during the untagged periods. This then would seem to validate the general picture of salt use and suggests that 83-85% of salt use is indeed of non-discretionary origin.
Given the very small amount of cooking and table salt eaten by this population the question is whether this population is unusual when compared with those populations where it is claimed that discretionary salt use might amount to 40% of total intake [15] . There seems no reason to consider the March population unusual for Britain since the average 24 h urinary sodium output is the same as that reported in South Wales [16] and only 7.8% less in men than that observed in Redrew [17] . The calculated fraction of the salt derived from discretionary sources quoted by other authors [18, 19] has been estimated from statistical sources from household salt purchases; these estimates make no allowances for losses in cooking, preserving, household cleaning or salt being used for other purposes. The importance of salt loss in cooking water should not be underemphasized since we found only 15-35% of cooking salt being retained when vegetables are cooked in salted water [lo] .
The confusion about the amount of salt derived from household salt can therefore be seen to reflect the absence, until now, of a method for assessing the exchange of salt and losses during the cooking and serving of food. This lithium technique does provide a new approach to the problem of assessing salt sources in any society. The data also suggest that any health educational campaign in Britain which places sole emphasis on discretionary salt use is misplaced since purchased food provides the bulk of the salt ingested. Whether this argument applies to other societies is uncertain, but information on salt is needed if rational health education policies are to be devised in order to reduce the consumption of salt.
